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8 fas® ^##^^5fe^?-o 

^ lalB^ 2 ® m@ <3D 33 W a ttf fB^fl:^^^ ^#^M <Z) ic ^t\.r=. 

[0 0 0 1] 

^mmii> GaN m^tiiSV^J^) , AIN (M^fcr;i/^-'^A) . InN ( 

e> >Si f t ^^4^##:M ^ -r e tc H S o 

[0 0 0 2] 



ffiffi# 2000-3067393 



ij^^ 11-271128 

[0 0 0 3] 

m8(D^mi^\y-'*fm^it. ^-yr^ir mist i(Dcm±ic. mocvd imm 

±mitmm%m^^&) lC<kyT>K-y®A 1 GaN;b^^;&SA^);-7TS2, 
7> K-3^®G a NM3, n-G aN*^e)^;-6^1 hM4, n-InG 

aN*>e>3&S^^*y ^RftlhM5, n - A 1 G a e>:&Sll 1 ^ ^ K» 6 , I 
nGaN#®I^*^^«;S^3l&M7, p-A 1 G a N*^ ^^feS^ 2 ^ ^ KM 8, 

[0 0 0 4] 

So 

[0 0 0 5] 

^i57 hS4®mSJ^^® 1 1 tClinM«#l 3 2f)^m^-^nx\i^^o 
[0 0 0 6] 

^SV^ttS i N*^e>^-5iim^l^ 1 2 7b^^t-t e>^lTVxS„ ^«^tJ|^ 1 2 tt, U 
e?SP 1 0 (DMMM. H 2 ^ ^ ^y KM 8 ©^l^Sffi, :l|2^^ »y KM 8 *^?>||1I3> 

hM4{c^SfilI®5&^y^tclli =i>^Sf^ hM4©Ji®tC?^^$*lS„ 
[0 0 0 7] 

:r.<Dmm^mi 2it. pwm@i 3 1 immnmi 3 2 ai®^<z)«^6«jM^5: 

[0 0 0 8] 

[^^7b^^^ b J: e> s ilS] 

fi«fi|cmi 2i:bTs iOg m^m^^^t. mitm^¥^mi^ts i 02 Mi:® 
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[0 0 0 9] 

mmii^mi 2 tvx s iNm^m^^s>m^izit. n mm) -^m&tfm 

[0 0 10] 

[0011] 
[0 0 12] 

[0 0 13] 
[0 0 14] 
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[0 0 15] 

[0 0 16] 

[0 0 17] 

[0 0 18] 

[0 0 19] 

[0 0 2 0] 
[0 0 2 1] 

YMMl. i^'gp$:^b, ^=yvYM 
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[0 0 2 2] 
[0 0 2 3] 
[0 0 2 4] 

[0 0 2 5] 

t^mmizmK^mmii^mm^n. m2mn^^mi^m±izm2<Dmmfj^mm.^n 
, mn^mimi(DmmiLmz<DmMii(Dmizm-f^^v^m^^m^m(Dmmiz 

[0 0 2 6] 

^1®^-^, ^mi^^^m'^(DmiiB^x:^m2(Dmm^(omB^^v^Miz-t^:n 

[0 0 2 7] 

mzonmiz^^^mi^m^m'f-it^ mtm^^mii\^i}^^rjt^^^m±iz. m 
KS*^?^^$4x. ^ ^ K»© ij vm(Dmmizmdhi)^^^^n. i/^^ km® 

[0 0 2 8] 

:^mmizm^^mi^mytm^izi5\i^xit. u v i^m(Dmmizm^^nr:^mBiz 
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[0 0 2 9] 

[0 0 3 0] 
[0 0 3 1] 

K-yCDA 1q 5 Gag 5 N b J&S/^^y :7 tM 2 , T:^ K - •::^<Z) G a N *^ ^ 
SGaNM3, n-G aN:6^^*5S^l ll^^?^' hM4. n-IiiQ^GaQg 
N*^^5&S^^5/^R6IhM5, n-A Iq QyGaQ g3NA^e>^e-5l|l ^^^^y KM 
6, ^KE-rS^Mi^-^f^^jt^^^tWV, p-AIq o^Gao g3N*NP>&Sm 
2^^^^yKM8, fc<fctJfp-Ga N A^^:&S||2 ^7 hM 9 *^|lHJcaMS4x 

[0 0 3 2] 
[0 0 3 3] 

Ty^ h^>f ::^4^<?)U ^y S^'^ i Oij^mm^ti^o 112 ^^^y KM 8(D±®*^e>ll l 
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1 1 A^J^^^tlSc 

[0 0 3 4] 

U y 1 O ©MM®. H 2 ^ -/ KM 8 <D^mMi5^ Mffi, ^3feM 7 ®M 
m 1 ^ ^ KM 6 iJ'^^y ^'R&JhMS^IKIffi, |g l n>i5? ^ KM4 ® 
— gPMffi'5;ejt5lCnffi3«=^l 3 2Jb^?^^$tlTV^<5M^$:l^<«#?^^ffil 1 1- 
S i mi 2 a (xttS«l) A*J^^$tvTVx-5„ S i 1^1 2 a® 

±IC, SiOyl^l2b (yttl5i^2) 3b^?^^$tlTV>So ^«^Ml2AliS 
iN,j|gl2afeJ:tJ^SiOyIgl2 b*^?>«iSo 
[0 0 3 5] 

f|2n>^^ hM9®Ji®JCttpM«^l 3 lii'^m^^ti. Hi 
KM4<D«^?^^ffil llCttnWMl 3 2*^J^^$:r^TV^^o 
[0 0 3 6] 

lit. mi^^y KM6_t^C?^^$nfcn-GaN*^e>:feSlll3t:*M KM 7 1 
, Hi3^5!/>f KM7 lJ:lc?^^$ti:t^ttM7 2, itJ^tSftM 7 2 Jiic?^^^ 
tlfcp-GaN*>e>5&-5l|23t5tf-f KM7 3*^e>^C^o tSffiM 7 2 tt. n-In 
Q Q^GsiQ QQNii^^rj^^/'^VrmT 2 1. 7 2 3. 7 2 5. 7 Z 7 n-In 
O.lO^^^O.goN*^^^^^^^®'^ 2 2, 7 2 4. 7 2 6 i:*^xSJC«M$flT^ 

-So 

[0 0 3 7] 

01®^#<2|£^-if^^lCfeV%Ttt, S i Oy Ml 2 blCj:yx>y^>'J^^^ 
S iN^ 1^1 2 alCj:yM«*«:l^l 2 A ^^M4 ~9 i:(Dm*'tt*^K< ^ 

[0 0 3 8] 
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[0 0 3 9] 

ilS^jtMl 2 AOf^t)*; lCM«<!|s|gl 2 B ^m^^o 
[0 0 4 0] 

^^ft:^ 12Btt, SiN3j^ll2a (x 1 ) , S i N^^jOy^^ 1 1 

2 b (xl&St^O. 5, y 1 ttSt^ 1 ) feJ:t5S i Oy Kl 1 2 c (yti«t$ 
2) 3b^^>«;So 
[0 0 4 1 ] 

y V 1 0 ©MM®, H 2 ^ ^ KM 8 ©^pJH® d3 <fc tJ^fill®, ^3teM 7 
ffi, f|l^^^yKM6®«, ^ ^ R&JhM 5 (DM® , tlln>^^^>M4© 
— ^ffillffiJ&ejy^lcnMMl 3 2Jb^J^^$4^Tv^SM^$:B^<«S?^^^® 1 lie 
S i Ml 1 2 a*^?^^$tlS„ S i mi 1 2 a JilCS i N^^Oyj 

j^ll2b (xiat^t^O. 5, y Htmtl) ii^m^-^tl. SiNj^jOy^lgl 

1 2 bJitCS i Oy Ml 1 2 c (yl±iSi$2) 
[0 0 4 2] 

:r.(D^oK.. S i Ml 1 2 a ilS i Oy Ml 1 2 c iKDmizmMiS J^Z^m 
m-^^ttS i N^^OyjMl 12b ^m^-t^^tlZ^V. SiN^Ml 12ai: 

s i Oy Ml 1 2 ciKomm^tf^^^izm^ mwn^mi 2 B®^^*^se>ic 
mm^n. #wy*^i«ijfr'5o ^«#:mi 2Bjc«.^*nsfcAyi:*^^b^ 

2 B(Dni^y5=->^^^^®?|3^ft*^^<^U, n^y ^^®^ie>o^*^^^>3&V^^^I:<^ 
[0 0 4 3] 

(n 3 (DrnMomm) 

M® 5: S :t © ST' S o 
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[0 0 4 4] 
[0 0 4 5] 

'*fm^(Dmmii^m l 2 A©f^4D U tCH4 tC^-r^««cM 12c S:{i;tSo 
[0 0 4 6] 

2 CI*, SiN^I^112a,Si Nj^Oygl^l 1 2d^J:ns i 
Oy Ml 1 2 c S:Jl!gtC|g^T*:So 
[0 0 4 7] 

mi(DVv i^m 1 o (ommm. n 2 ^ ^ »y km s ©^s® ^ j: u^m®, Bt^m 

7 ODM®. m 1 ^ KM 6 <Z>M®, ^"yv^ B&ihM 5 ©flUM, H 1 n > ^5? ^ b 

1 1 ICS i Ml 1 2 a7b^?g^$tlSo 
[0 0 4 8] 

S i Nj^20y2^^ 1 2 04 {C^-t<fc-9{C, S i N^^ M 1 1 2 a 

®*^e>N (^*) -^WMx 2*n *^e> 0 ^ T-^>!rJC^^:i>L, O (MM) ^M^V 

2 *^ 0 3^)^ e> 2 * T'liJ >5r iCJtill b T V ^ -2> „ 
[0 0 4 9] 

z:®j;e)ic, mmi^^m^±.\zi^)^t^s iN^jiii2ai:siOyMi 

12c i:®^{CN^<fctJJO<7)'g-^»*^i5>!^lC^>ffc-r'5 S i N^^OygMl 1 2 d 
J^^KfSZlillCj; S i Ml 1 2 a S i Oy Ml 1 2 c iKD^^tt*^^ 

e)ici©^»;, ^«^Mi 2ccz)iai^*^$ e>ic«i^$ti, *^rsi-h-tSo 

I^^CiimWcMl 2Clcft^7bnshAyK^^L^<3&Sfc«), 

[0 0 5 0] 

(||4®^Sg®J^M) 



1 0 
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m 5 it:^mm(Df^4:(Dmm(Dmmiz^i-f^^it^^^^^ u-^mf'(^m^t^ 

[0 0 5 1] 
[0 0 5 2] 

mm^m i 2 A<Dj^t> »; icM«<t;M 1 2 d $:fix-So 

[0 0 5 3] 

iim^l^i 2Dii, s i N^Oygi^i 1 2 disiyfs i Oy mi 1 2 c*^e>^ 

[0 0 54] 

:i®<fc^ic, Mfl:igj^^^«ti:s i Oy Ml 1 2 ci:®KicN^3<J:0o®-^^ 
##:i:iim^Ml 2 Di:®^«tt*'5$ e>lciSi ^«^*t|gl 2D®^il*^$ b 

^^b3&<j&jsfc«)> u-i^«ss*'^^^i'^b, mi^nm-^i&M.-t^. ^^k. mm, 

[0 0 5 5] 

(n 5 <Dmm<Dmm) 

[0 0 5 6] 

^it£#f^|cl/--»f^^^®S^^C3^V^T, S i Nj^ 1^1 2 a®f^t>yiCT i ^ ( 
xttl^t^l) ^, S i Oy mi 2 bCDf^t^y ICT i Oy M (ym$l^ 2) $:MV> 

So 

[0 0 5 7] 
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[0 0 5 8] 

12B~12DS:, ^^>'fl:-a-W^b3&S^«^m{Cfi^^;lT=foJ:V>„ 
[0 0 5 9] 

"tn^O^m-^. 2 B®S i S:T i Cg^#l^fcT i i^, TiN 

^jOyjmfeJ:tJfT i Oy j^*>^«:SM««iMlCfeV^Ttt, T i N,^ i^i:T i Oy 
e>^C|^a±■r-S„ 2CCDS i $:T i KU^^TLTcT i 

T i N^Oy2Mfe<j:t)^T i Oy J^Jb^e>^'&^«#:M^CfeV^T^d:. TiN 

T i lCfi^g|x.feT i N^Oy2l^fe J:rJJT i Oy ^^;eM«#:M^CfeV^T^± 

T i N^Oy2M<z>Ttc?^^^tiS^'fbifef^^^«s:i:T i Oy Mi: <Z)m«t£*^S e> 

[0 0 6 0] 
[0 0 6 1] 

s 6 (Dmitm^^m^^if' u-if m^tt> u ^:^'§p 1 1 o (ommz. 2 ~ i o n m® 
iHitasr^-^So H6®^^fci^^^#fiici^--tf^^ii, ^) vvniio(DmmKm 
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[0 0 6 2] 

U 1 0 S:J^^-r^fc«)JC, ^-r, N l $:vX^i:bTjR/Si4>f:^>x 

^y^>i^ (RIE) ^r^itS,f^^^yt>\f'-2^:i^v^>^ (RIBE) J&if® K 
^>f X-y^>^'ifelCJ: n>df bM 9 ®±®A^e>ll 2 ^ »y KS8(Z)^ifi 

ri:*^T'^SJ:^lcMx.liRI E©jgM?Sm*$:/hS< bT<fc^6^:3i^y^>^'1i 
$:«ibS„ ^4xlCJ:»J,. GaN (m2n>:?^h«9) i:AlGaN (l|2^^ 

„ ^fctt, R I E®lgMMai*S:/hS <-r^f^t)y C> T;i/:i7y^CD'i7ai^y ho: 
[0 0 6 3] 

[0 0 6 4] 

3&fe, ®6®^>fb#l*^^fti^-if^^-T'«, ^m^]^ilbT®3(Z)^|£^ii|cl/ 
— tf^^CZ)^«f*iMl 2BS:MV^fc*^ 0 1 lC^-rmm#:M 1 2 A, H4lC^-t 
mnWW:! 2G^fc«H5JC^-r^«#iMl 2D$:mv^T%i;V^<, U^yS^'^l 1 

1^1 2 A~ 1 2 DlCj;S^«S®|Bl±i:-^tD$oT^«'ft*^S ^lcr«I±-rS<, 
[0 0 6 5] 

(ig 7 (Dmm(Dj^m) 

[0 0 6 6] 

®7 1C3^^^^^V:4-- FJC^VNTtt, •9--7T^TS=S2 0 2±lCT> K-"/ 
®A 1 G a N*^?>J&-5]Kff 2 0 nm©A 1 G a NM7ly7 7'M2 0 3, 
0 0 nmG)T> K-^G a NlgMA«/^T»2 0 4, Mff 1 . 5 /ti n - G a 
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NziZ/3f^ hM2 0 5, MQW (^3feM) 2 0 6, J^^ 

1 0 nm®r> K-^G a N#MM2 0 7, ]^^1 5 0 nm(Z)p - A Iq.qs^ ^ 
0 95 N^^^y KM2 0 8;feJ:tJf]^^3 0 0 n m© p - G a N 3 > ^ ^ hM2 0 

[0 0 6 7] 

MQW^iS®2 0 6li, MM 5 nmCDr> K-:/G a N*^ 6 O^I^MS 

2 O 6 a t:, j^J¥5 nm®r> K — ^ I 35G a q ggNA^^j^S 5o©^j3M 
2 0 6 b i:*-5cSK:«»StlT>&-5#S«^^fF«51S:W-rSo MQW^i£M2 
0 6<Dm^^it^W±-t^^f^. MQW^ffiM2 0 6±ICT> K--:^G aN-fiJ® 
M2 0 7*^?^m$nT^^S. 

[0 0 6 8] 

p-GaNzi>^?^h®2 0 9 3&^e>n-GaNzi>^^^hM2 0 5*1?®— 
Mi^A>3:^y^>iJ?*lCj: yii^^StL, Sffi n - G a N n > ^ hM2 0 5 ®m 
^Mi^±ffiK:MM5 0 0 nm®A 1 j^*^ 3& S n M«M 2 1 2 A'^J^^StlT V^S 
„ *fc, p-GaNr3>^ri^ hM2 0 9®m^Ml^Jt®lC{i, Mj?2nni©Ni 
)g2 1 0 a^j:t5J^ff4 iini®Aum2 1 0 b ^r^S LT^iS P 2 
lOybW^Sn, $ e)C^CD_tlC, mp:3 0 nm(Z)T i|^2 1 1 ai3J:tJfl^M5 
0 0 nm©Auj^2 lib Sr^M L/Ti&€> p MA^V K«M2 1 1 *^?^^$tlTV^ 

So 

[0 0 6 9] 

•r-5-9-7T-f TS=K2 0 2 $:@BSb, MOVPE^lC<fcy, -9-:7 T -f TS« 2 0 
2(5DCM_hlCA 1 G a N<gS7l»y 7tM2 0 3, r> K--/G a N'mW^'-yyT 
S2 04, n-GaNzi>^^ hM2 0 5, MQW?g'ffiM2 0 6, T>K-^G 
aN^MS2 0 7, p - A 1 o.05^ ^ 0.95^ ^ ^ ^ ^ 8 J3 J: tJf P - G a N 
hM2 0 9 $:JlH{C^:R$-&-5„ 2 0 3 ~ 2 0 9 (Dmm^^Xf 
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[0 0 7 0] 
[*1] 





(nm) 








AIGaN{|SA'777^ 
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NH3.TMAI, 
TMGa 
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400 


1150 


NHj.TMGa 






1500 


1150 


NH3, TMGa, 




rr/K-7'GaN 
li^Mii(6ii) 

1r/K-rino35Gaos5N 


5 

am) 

5 

(1€) 


oOU 


NH3,TEGa 


H N 

2' 2 


NHj.TEGa.THIn 


7>r-rGaN»M^ 


10 


850 


NH3.TEGa 


Hgt N2 


P-*'0.05H.95'^ 


150 


1150 


NH3, TMGa, 
THAI.Cp2Hg 




p-GaNa>^^h€ 


300 


1150 


NH3, TMGa, 
Cp^Hg 


^2' ^2 
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^^^■^feU, TMA lliT;i/^— -^^A^-e^y, TMG a^<fcOfTEG att:^ 
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[0 0 7 2] 

j&fe, #M 2 0 3 — 2 0 9 (D^^^comwiumiii. m. i ^\z.mm<Dmw^m\:^ 

IS^$fl-&*>®Ttt&V^„ A 1 G aN<g?a/t>y 7 tM 2 0 3®^;g^lCli, 
MS$:*#^S^:R?aa^lC^^t-titfj:<. #S2 0 4—2 0 9(Z)^S^tC«, 

s«MS5:#i^^^:S^as^cm^•r4^^^J:v^. #ic,#»204, 205. 20 

8, 2 0 ^ <D^^^Vl\tmW&mi 0 0 0 — 1 2 0 0 {C^^-TS 3 b 
<, #»2 0 6, 2 0 7®^:5^K:tiS«?aS5: 7 0 O — 1 0 0 OTCJCfg 

[0 0 7 3] 

#M2 0 3 — 2 0 9<Z)^K;S^lC'gt|&$tl<2>H2 fc-fctJ^Ng ^-&CD=^r^ U 

r**:5^tcfev%-t, Hg o^^mm-i. #M2 o 3 — 2 o scD^g^R^iciis o%-efe 

:&M2 0 6, 2 O 7(X>^«^lClil — 5%-^^*;, #»2 0 7 — 2 0 9®^ 
;S^lCli 1 — 3%7?^S„ 
[0 0 7 4] 

[Hi^M] 
CHJgM 1 ] 

IIJSM 1 lcfev>Tl±0 1 ^'--^fm^-§:Mv^feo 
[0 0 7 5] 

a 1 Oy^mW l/-if^^ttaT® <fc -9 IC LTf^^b^o if^ T>f T«=K l <DC 
ffi_fclC, MOCVD^ (^a^Mfb^69^«fi^«SS) AIq 5 GaQ 5 

N*>e>«;SffS 2 5 0 KoyAv^7M2^ r> F-:^©G aN*^^^SM$ 2 ft 
m(3DGaNM3, n - G a N*^ e> ^-5^$ 3 /tt iii(Z)|| 1 13 > ^ tJ' 4 . n-I 

^0 1 ^ ^0 9 ^^^^^"^^^ °* 1 '^m^^^^'^^I^^S^- ^"AIq.O?^ 
^0 93^*'^^'^^^ ^ ^^'^ ^® ^3t»7, p-AlQQ^Ga 

0 gsN*^^'^^^^ 0- 3 ;iin(Z)||2^^'y KM 8 fejit^p -G a N:6^ej^£^ff 
$0. 0 5 ^m<D^2 hM9 5:IlHK:fi^:g$-1±^o 

igC!)^^M7tt, ^l^'yv K»6J:lC?^fig$ti;tn-G aN*^^>&-5ff$ 0. 

1 iimO>^l%i^>{ K«7 K ^^■r^?Si4M7 2^3<fctJ^p-GaN*^^^^^ 
$0. 1 iEtm<7)^2)t;if>f KM7 3 §:flIlca»S-ti:fe„ ?SttM7 2 ii LT, n- 
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1 TiQ a Q g^Nts^^tjt^ 6 nm(DA^<7)7'iVrm7 2 1, 7 2 3, 7 2 5, 
727Mtn-InQ ^q^^^O 90^*'^^^ 3 nin®3o©#FM7 2 2, 7 2 
4, 7 2 6 il^^mzmM^^t:^a 

[0 0 7 6] 

mn^i^lZAit. -^^^XvCVD^tCj:*;, M^S^:;ffxi:bTS i H4 (10 
0%) , NH3 (10 0%) ^<l:t?N2 O (10 0%) SrffiVNT^l^bfco MM 
5 0 n m© S xN^mi 2 a (Ommt. S i 1 5 S C CM (Standard C 

ubic Centimeter Per Minute) , N H3 m&2 0 0 SCCM. ^m^tHi] 2 0 0 
W, S=KiaS3 0 OTCCD^frCDT-e^fofeo j^ff 5 0 nm® S i Oy mi 

2 b ©J^j^ti, S i H4 gg* 1 0 S C CM, N2 O^A 1 0 0 S C CM, MM^ 
m*2 0 0W, mmU^3 0 0'X:<D^U<DrT^^t:Lo S iN^ mi 2 aiSJ^XJ^ 

s i Oy M 1 2 b (Z)^Mtt, m—mn\HX'mmLxn-or^. 

[0 0 7 7] 

IIJ&Mi ®^^f*l^--lf*^^c^3v^Ttt, 5 mwm;d^(Z) 1 ouy hoyWsi^^ 

[0 0 7 8] 

[^]^M2] 

IIJgM2CfcvxTtt, 0 3®^*i^^-if*^^$:Mv^:t„ 
[0 0 7 9] 

[0 0 8 0] 

S i N,^ Ml 1 2 a®MMli5 0 nm. Si Nj^^Oy^Ml 1 2 h(0mmU5 0 
nm, S i Oy Ml 1 2 c(DMffli5 0 0 nm-^$>S„ 
[0 0 8 1] 

SiN^Mll2aliSiN^Ml2 a i: t^-(Z>^#T'?^fiKb, S iOy Ml 
1 2 cits i Oy Ml 2 b iim-<D^^Xmm.ht^. S i N^jOy^Ml 12 b® 
^M^fftt> S i H4 tiSas 0 SCCM, NH3 t;g»2 0 0 SCCM, N^OW, 
415 0SCCM, 'mm^mi32.0 OW. m^U^S 0 OX:^Lt^o SiNj^M 
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112a, S i N^jOyj^l 1 2 b^J:UfS i Oy m 1 2 ctt, m-mUPiX' 
[0 0 8 2] 

IIJgM2<Z)#Sf*tl/— !f^^■^CJ3V^Ttt, 5mWffi:^J^©l 0 O -/ h<Z)i&f^m 
i^<D5p:^'fii*^ 7 2mA, U 8 7 %T'fe o 

[0 0 8 3] 

[0 0 8 4] 

m4.<D^m^\y-'^m^\%. fim^mi 2 cos iN^^Oygmi 1 2 d$:i^vN 

T, ||JiM2(7)^#^l/-if^^-i:I^«tc?^^bfe„ 

[0 0 8 5] 

04lCa^-rS i N3^0y2^1 1 2 d©M»tt5 0 nm-^feU, l^M?Sffi:t;2 0 
OW, ^^KtaSS 0 ox;, S i ?SSft3 0 SCCM?:— NHg^gM^: 
2 0 0 SCCMTb^e) 0 SCCM^-elS^'^rlC^^P'^iJrS^I^^lC, Oggi$: 0 
S CCMA^e> 15 0 SCCM^Tii^^lcJtin^iiSZlillcJ: y^fofcc 
[0 0 8 6] 

mcO^i^mir^ 6 9mA, U ife'? 9 0 o fc„ 

[0 0 8 7] 
[|ligM4] 

ll£gM4 ^CfeV^T«, 0 5tC^-r4^#f!|Sl^— 9**^^fflV>3t„ 
[0 0 8 8] 

0 5O^##:^-if^^li, SiNj^mil2a §:?^^^L>&V^r i: 4 

© ^|£#^i|£ V - -If l^il ^c^^^ L 7^ o 

[0 0 8 9] 

||^feM4®^^#:U'-^f^^^CfeV^T^i, 5mWmi3^0 1 0 n h^tiff^* 
gg®¥*&'faA^7 0 mA, #w»;*'^8 8%-e^o;t„ 
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# » 

[0 0 9 0] 
[00 9 1] 

mit^^^mailim^izmm 500nm®SiOyl^ll2c (y itm'i 2 ) ^ 

mmm2(o^^x*m^vr^. KSsf^rNg m^cjiti o o ox^izu^x 
s o^mm9!iim^m'rzinz^i). mitm^^mi^t s io^ t<D^miz. mm 

1 0 nm©S iN^OygMl 1 2 d ?:?^^bfco 
[0 0 9 2] 

^S®¥^'fit*'7 0 mAT'^y. ^@*;*^8 7%"^&ofc„ 
[0 0 9 3] 

t^mi o^m^^&. ^®i^jc2~i 0 nmoiHidiSru vi^mi 0 (ommizm^ 

[0 0 9 4] 
[0 0 9 5] 

mmm7^zi5\>^x^t. mmmKD^miiiu-^mif'Os in^ mi 2 aof^t? 

»; IC, T i M (x 1) SiOyjgl2b (Df^t> U {CT i |^ ( 

[0 0 9 6] 

T i M^3<fctKT i Oy mit. mnt: UTT l C l^ . NH3 , Ng 0$:M 

rnrni:]! 0 OWtL. T i C I4 CD?^»3 0 SCCM, NH3Sg43 0 0 SCC 
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«4 0 0SCCM, mmmii!,:h 1 0 OW. S«M|g4 5 0 i: LT^|^Lfc„ T 

i m^j:xj^T i Oy ma. m-mmmzxmmi.-zmmiin'or^.o 

[0 0 9 7] 
[0 0 9 8] 

i ^1 1 2 a, S iN^^Oy^Ml 1 2 bfej:tf S i Oy |^1 1 2 c ®f^t) U 
TiN^lg (xtt«Sl) , TiN^^OyjIg (xltt{5{^0. 5, y 1 l±t$ 
tSl) , TiOyiK (y»S{^2) *^e>J&S3M®M«^*c|g$:Mv^fco 
[0 0 9 9] 

[0100] 

[||JiM9] 

^^SM9^CfeV^T^i, 04 ©if^^^l^— tf^^(CSV>T, ^«#:M12C(Z)S 
iN^J^112a, Si N^20y2^i ^ 2 d^i:tj:S i Oy 1^1 1 2 c ®f^*) U 

TiOyjg (yl±Stf2) ® 3o<Z)MS:Mv^fe„ 
[0 10 1] 

TiN^OygMli, TiN^ ]^^:®#M:^,^P>N (SS) ^«x2$:l*>^0 
*T*|^>^lcMiP^$i±, O mm) ^^»y 2$:0*>e>2*T^^lCJtiII$-a:TJ^ 

[0 10 2] 

^^gM9®:^f£#^^cl/-^f^^^CfeV^Tii, 5mWm:^7^® 1 0 n «y h<Dmi^m 
[0 10 3] 
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immmi oi 

o 

[0 10 4] 

mmmi 0(Z)^f^#^^'-if^^^C^V^T^i, 5m^NmiJ^<Ol OO^y h®i&f^ 
«dg®¥^ffi*^7 1 mAT?fey, #®»;A^8 8%t?^o7^o 
[0 10 5] 

Citg^Ml] 

[0 10 6] 
[0 10 7] 

<^MM-it 5 0 O n m-e^S, 
[0 10 8] 

[0 10 9] 
[0 110] 
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mmm^ 


SiNjjlKl2a/SiOylgl2b 


72niA 


85X 




S i N^lKll 2a/S i N^, Oy, 01 1 2b/ 
SiOy|gl12c 


72mA 


87X 




S i N^IISl 1 2a/S i ^^,2^2^^ ^ ^d/ 
SiOyig112c 


69mA 


90% 






TflmA 
ff uiim 






SiN 0 @112d/SiO ^112c 
x2 y2^^ ^ ' *'y«^* 1 1 1 »» 




Of m 








2'-'3XlSl_h 






f wiiin 






TiN M/TiN 0 M/TiO M 


73mA 


88% 




TiN M/TiN «0 ^M/TiO ^ 


70mA 


89% 






71mA 


88% 




SiOy 


82mA 


57% 






80mA 


60% 
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Ml~5, 7 — 1 O-l^ttS 3~9 0%K:|nJ±bfco 
[0 112] 

[HI] 

W 1 ©HJg^J^MC-^S ^^fis -if ^hT-® ®Tffi0 
[H2] 
[03] 

[H4] 

[05] 

[0 6] 

[0 7] 

[08] 
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5 ^"yv^ RSlhM 

6 ^ 1 ^ KM 

7 ^3fe» 

8 ^ 2 ^ KM 

9 mznz^^^hM 

10 U ')/ S:^^ 

12 a, 112a SiN^jg 
12 b, 112cSiOyM 
112b Si NjjjOyjj^ 
1 1 2 d Si N^^O^^M 
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